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was delayed in NT3/ mutants. These data suggested a role
for NT3 in the esophageal muscle transdifferentiation and
AChE receptor transition. In this report, we further studied
muscle transdifferentiation and AChE receptor transition in
amyogenic term embryo esophagi that were intra-amniotically
injected with NT3 at E13.5. While esophagi of saline-injected
amyogenic embryos continued to show no muscle or receptor
transition, the esophagi of NT3-injected amyogenic embryos
clearly showed expression of skeletal fast myosin (anti-SFM) in
their esophagi. We are now interested in finding out weather: (a)
the expression of anti-SFM is mediated via Mrf4 and/or
myogenin, (b) the cell cycle kinetics is altered in the esophagi
of NT3-injected amyogenic embryos, and c) the muscarinic-to-
nicotinic AChE receptor type transition is depended on the
injected NT3. The answers to these questions will further our
understanding on the NT3 role in the esophageal muscle
transdifferentiation and AChE receptor transition.
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The gastrointestinal tract is a vital organ system present in all
multicellular animals initially derived from a simple tubal
structure that present important smooth muscle cells. The
regulatory systems of skeletal muscle differentiation have been
well analyzed and master regulatory genes identified. In
contrast, little is known about the molecular mechanisms that
regulate the differentiation of the visceral smooth muscle cells.
Stomach development illustrates the acquisition of highly
specialized features. In the chick, the gizzard (muscular
stomach) presents a thick layer of smooth muscle that facilitates
mechanical digestions. Other digestive organs (small and large
intestines) show modest development of smooth muscle layer.
Smooth muscle cell differentiation is observed at around 9 days-
old stage in chicken. Thus, the chick stomach offers the ideal
models for the elucidation of molecular mechanisms that control
the visceral smooth muscle cell differentiation. In order to
identify and functionally study the mechanisms that control and
trigger the differentiation of the visceral mesodermal into
smooth muscle cells, we performed a microarray study to
obtain the gene expression profile of the differentiated stomach
and profile of the undifferentiated stomach. Analyses of these
results confirmed somes genes (such as BMP4, Smooth Muscle
Actin) and gave us new candidate genes in these processes (such
as SCLERAXIS, TWIST). Functional studies of these factors
will be analyzed using the retroviral misexpression system.
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Sonic (Shh) and Indian (Ihh) hedgehog are secreted
signaling molecules specifically expressed in the small
intestinal epithelium during intestinal organogenesis; lack of
either Shh or Ihh results in marked developmental abnormal-
ities involving both the epithelial and mesenchymal compart-
ments of the intestine. Recent work in our laboratory utilizing
animals expressing a secreted form of the pan-Hh inhibitor
Hhip (Villin-Hhip) demonstrates that inhibition of the com-
bined Shh and Ihh signal leads to disorganized villus
formation, and perturbed smooth muscle development. We
recently developed two additional mouse models to further
examine phenotypes resulting from modified Hh dosage. A
Villin-flox–Bgal-flox–Hhip X Villin-Cre double transgenic
model demonstrates a significant decrease in differentiated
smooth muscle in the cores of the villi and disrupted
muscularis mucosa patterning. A complementary transgenic
Villin-Ihh model exhibits a reciprocal phenotype: significant
increase in villus smooth muscle at several adult stages
examined. We also performed microarray experiments on
cultured, Hh-treated embryonic small intestinal mesenchyme,
and our upregulated gene set contained two genes specifically
involved in smooth muscle differentiation, myocardin and
IGF-1. Myocardin is a master regulator of smooth muscle fate,
and IGF-1 has been shown to increase myocardin activity.
Analysis of the mechanism by which hedgehogs activate IGF-
1 and myocardin is currently underway. Taken together, our
results suggest that Hh signaling is crucial for the patterning of
smooth muscle throughout the intestinal mesenchyme.
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In vertebrates, maturation of the intestinal epithelium
requires tightly regulated processes of cell growth and
differentiation. The target of rapamycin (TOR) is a conserved
Ser/Thr kinase that regulates cell growth and proliferation in
response to nutrients and growth factors. In this study, we
examined the role of TOR signaling during the development
of the intestine in zebrafish. Developmental analysis of ztor
expression by in situ hybridization revealed dynamic
expression in the gut epithelium during the endoderm–
intestine transition. ZTOR inhibition with rapamycin resulted
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